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An apparatus is described which provides a numerical 
indication of the cloudiness at a particular time of a day. 
The apparatus includes a frame (18) holding several 
light sensors such as photovoltaic cells, with a direct 
sensor (12) mounted to directly face the sun and indirect 
sensors (13-16) mounted to face different portions of 
the sky not containing the sun. A light shield (30) 
shields the direct Sensor from most of the sky except a 
small portion containing the sun, and also shields each 
of the indirect sensors from direct sunlight. The relative 
values of the outputs from the direct and indirect sen- 
sors, enables the generation of a numerical indication 
(sa) of the degree of cloudiness at a particular time of 
day. 
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CLOUD COVER SENSOR 
ORIGIN OF THE INVENTION 
5 The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 
TECHNICAL FIELD 
This invention relates to apparatus for measuring the 
degree of cloudiness, by measuring the amount of light 
received from various areas of the sky. 
BACKGROUND ART 
10 
1s 
The extent of cloud cover is of interest to meterolo- 
gists as an aid in making weather predictions and for 
evaluating climatic factors, in evaluating the perfor- 
mance of solar energy collectors and converters, and in 
other applications. The degree of cloudiness can be 
evaluated by several available techniques, but they are 
time consuming and often do not provide a simple num- 
ber that can be utilized in comparing the cloudiness of 
different days or different areas. For example, a photo- 
graph of the hemisphere can be taken by the use of a fish 
eye lens, but interpretation of the photograph requires 
determination of the relation between darkness or opac- 
ity of each area of the photograph and the intensity of 
the light causing the opacity, as well as a measurement 
of the areas of different opacities of the photograph. A 
relatively simple device which provided an indication 
of cloudii.ess with little effort and at low cost, even if 
with only moderate accuracy, would be of value in 
many applications. 
DISCLOSURE OF INVENTION 
In accordance with one embodiment of the present 
invention, a cloud cover sensor apparatus is provided 
which enables the generation of an indication of cloudi- 
ness using relatively low cost and easily operated equip- 
ment. The apparatus includes a frame holding several 
light sensors such as photovoltaic cells, including a 
group of indirect sensors positioned so that when a 
predetermined axis of the frame is directed towards the 
sun, the indirect sensors face most of the sky area not 
covered by the sun. A shield is provided to prevent 
direct sunlight from reaching the indirect sensors. The 
total output of the group of indirect sensors, adjusted 
for the amount of direct sunlight available, provides an 
indication of the cloudiness of the sky. The amount of 
sunlight available can be determined by providing a 
direct sensor mounted to face along the axis which is 
directed towards the sun, and by constructing the shield 
to prevent light from most of the sky lying away from 
the sun from falling on the direct sensor. Continuous 
operation of the apparatus can be achieved by mounting 
the frame on an equitorial mount and providing a motor 
to turn it so that the axis of the frame follows the sun in 
its movement across the sky. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a cloud cover detector 
apparatus constructed in accordance with one embodi- 
ment of the present invention; 
FIG. 2 is a partial sectional view taken on the line 
2-2 of FIG. 1; 
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FIG. 3 is a partial schematic diagram of the apparatus 
of FIG. 1. 
BEST MODE FOR CARRYING OUT THE 
INVENTION 
FIG. 1 illustrates a cloud sensor 10 which includes 
five photovoltaic cells 12-16 mounted on a frame 18. 
One of the cells 12 (which is formed of four sub-cells) 
serves as a direct sunlight sensor, because it is posi- 
tioned on the frame to face along a predetermined axis 
20 that extends towards the sun S. The other four sen- 
sors 13-16 (which are each formed of two sub-cells) 
serve as indirect sensors, in that they are positioned to 
face along lines of sight 22-25 extending in different 
compass directions so as to collectively face most of the 
sky area illuminated by indirect sunlight, and to face 
most of the clouds C in the sky. A shielding apparatus 
30 is mounted on the frame to shield the direct sensor 12 
from most of the sky area around the sun, and to shield 
the indirect sensors 13-16 from direct sunlight. The 
frame 18 is mounted on an equitorial mount 32 tilted 
from the horizontal so that simple rotation of the frame 
about the axis 34 of support enables the direct sensor 12 
to follow the sun in its movement across the sky. An 
adjustment mechanism 36 is provided to adjust the in- 
cline so as to account for changes in the sun’s maximum 
declination with time of year and longitude. 
The five sensors 12-16 are connected through a flexi- 
ble cable 40 to an indicating apparatus 42 which can 
provide an indication of the cloudiness of the sky. The 
output 44 of the direct sunlight sensor 12 is delivered to 
a meter 46 which can be utilized to indicate the intensity 
of the sun. The outputs of the four indirect sensors are 
delivered over line 48 to a summer 50 which generates 
35 a signal having a value proportional to the sum of the 
outputs of the four indirect sensors. This signal is deliv- 
ered to another meter 52 which indicates the amount of 
sunlight illuminating most of the sky around the sun. 
The output of the summer 50 as well as the output over 
40 line 44 from the direct sunlight sensor, is also delivered 
to a divider circuit 54 which generates an output indi- 
cating the ratio of the light sensed by the four indirect 
sensors to light sensed by the direct sunlight sensor. 
This ratio, which is delivered to a display 56, can be 
45 considered to be an adjusted cloudiness indication, 
which is high when there are no clouds in the sky and 
which decreases as the amount of clear sky area de- 
creases. The indication is automatically adjusted for the 
declination of the sun, which varies with the time of day 
50 and season of the year, since the lower the angle of the 
sun from the horizon, which reduces the sum of outputs 
of the indirect sensors even on a clear day, the lower the 
output of the direct sensors. 
FIG. 3 indicates one circuit which can be utilized for 
55 the summer 50 of FIG. 1. The circuit includes a small 
resistor 60 across each cell, for operating it in an almost 
short circuit mode. This is desirable because typical 
silicon photovoltaic cells produce an output substan- 
tially proportional to the amount of light falling on 
60 them when in a short circuit mode of operation (when 
at constant temperature). For a photovoltaic cell which 
is a square of two centimeters on each side, a resistor 60 
is about one-half ohm can be utilized, to produce an 
output of about forty millivolts at peak sunlight illumi- 
65 nation. A potentiometer 62 connected across each small 
resistor is set at a resistance (such as 100 ohms) which 
will provide about the same output from each cell when 
all are illuminated identically. The total current, from 
3 
all cells indicated by arrow 66, is indicated on the meter 
52. Obviously, a wide variety of circuits can be utilized 
to determine the outputs of the indirect cells, as by 
taking their sum, their average, or some other function 
of them. In FIG. 1, the divider 54 can be a digital calcu- 
lating circuit with analog-to-digital inputs, and which is 
connected through a driver to a digital display 56 which 
provides a number indicating the cloudiness of the sky. 
As shown in FIG. 2, the shielding apparatus 30 in- 
cludes several plate-like portions such as portion 70 
which serves to simultaneously shield the direct sensor 
12 from most of the sky and the indirect sensor such as 
14 from direct sunlight. In this example, the line of sight 
25 of the indirect sensor 14 extends at an angle A of 60" 
from the axis 20 along which the direct sensor faces. 
The shield portion 70 lying between the two axes 20 and 
25 extends at an angle B of about 20' from the axis 20. 
The size and orientation of the shield portion 70 is 
chosen to prevent any direct sunlight from reaching the 
indirect cell 14 despite several degrees of angular mis- 
alignment of the axis 20 with the sun, while minimizing 
the amount of sky area around the sun viewed by the 
direct sensor 12. It would be possible to utilize two 
shields such as those indicated at 72 and 14 between the 
axis 20 and each indirect line of sight such as 22. How- 
ever, while the shield at 72 would effectively shield the 
direct sensor 12, the other shield 74 would block a sig- 
nificant portion of the sky area from the indirect sensor 
13 while shielding it from direct sunlight. If very long 
shield portions such as 70 can be utilized, then the angle 
B can be reduced accordingly. 
The degree of cloudiness can be indicated by merely 
sensing the outputs of the indirect sensors 14-16 and 
utilizing another means to account for changes in the 
angle of the sun above the horizon. For example, a 
simple table can be utilized to provide an adjustment 
factor based uron the time of day and season of the 
year, or a clock mechanism can be utilized to account 
for changes in the time of the day with adjustments to 
be made for different seasons of the year. However, so 
long as an electrical output is to be manipulated, the 
addition of a direct sunlight sensor for.enabling an ad- 
justment for the declination of the sun provides a simple 
means of adjusting for the time of day and season. In 
operating the device, it is desirable to take note of the 
possibility that a cloud may come between the sun and 
the direct sensor 12, in which case the output of the 
direct sensor cannot be utilized in determining cloudi- 
ness, and it may be necessary to wait for the cloud to 
drift away or to look up the values in a table. A filtering 
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mechanism can be utilized to sense when the output of 
the direct sensor 12 changes more rapidly than would 
be encountered merely by change in declination of the 
sun during the day. 
apparatus which is simple in construction and opera- 
tion, that can indicate the degree of cloudiness. This is 
accomplished by the use of a group of indirect light 
sensors mounted on a frame to face in different direc- 
tions so that the group receives light from most of the 60 
sky, and by also providing a shielding means that shields 
each of the group of indirect sensors from direct sun- 
light. The group of indirect sensors can be mounted on 
a frame that can move to foilow the sun, so that the 
Sensors continue to sense almost all of the sky except 65 
that occupied by the sun, during movement of the sun 
across the sky. An adjustment for changes in the decli- 
nation of the sun, as with time of day and season of the 
Thus, the invention provides a cloud cover detector 55 
4 
year, can be provided by utilizing a direct sunlight sen- 
sor which is mounted on the frame and which directly 
faces the sun. The shield means can be formed to shield 
the direct sensor from most of the sky area around the 
5 sun to minimize the influence of light from the rest of 
the sky. In one apparatus, an indication of cloudiness is 
obtained by the use of a circuit that indicates the ratio of 
indirect sunlight received from most of the sky area 
except the part occupied by the sun, as is sensed by the 
lo indirect sensors, to the light received directly from the 
sun by the direct sensor. 
I claim: 
1. Cloud cover detector apparatus comprising: 
a frame which has a predetermined axis that can ex- 
a plurality of indirect sensors, which sensors generate 
outputs dependent upon the amount of sunlight 
incident thereon, mounted on said frame to face 
along lines which are angled by less than 90" from 
said axis and are also angled from one another so as 
to extend in different directions; 
shield means mounted on said frame, for shielding 
each of said indirect sensors from direct sunlight 
when said frame is oriented so that said axis extends 
towards the sun; and 
means responsive to the output of said indirect sen- 
sors for indicating the cloudiness of the sky. 
2. The apparatus described in claim 1 including: 
means for positioning and moving said frame so that 
said predetermined axis points substantially 
towards the sun to follow movement of the sun 
across the sky. 
" tend towards the sun; 
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3. The apparatus described in claim 1 wherein: 
said shield means comprises a plurality of substan- 
tially planar members, each of which extends along 
a plane positioned between said axis and said one 
line, but at a smaller angle to said axis than to said 
one line. 
35 
40 4. The apparatus described in claim 1 including: 
a direct sunlight sensor mounted on said frame to face 
along said axis, said means for indicating cloudiness 
constructed to generate an indication based upon 
the output of said direct sensor as well as said indi- 
45 rect sensor. 
5. Cloud cover detector apparatus comprising: 
a frame; 
a direct solar sensor mounted on said frame to face 
-- along a medetermined axis: 
, 
a pluraiitiof indirect solar sensors mounted on said 
frame to face along lines angled by less than 90" 
from said axis and with the lines extending in differ- 
ent directions as Seen in a view taken along said 
axis; and 
a shield mounted on said frame and having a plurality 
of shield portions substantially in the form of 
plates, each portion extending between and at an 
angle to said axis and to one of said lines. 
6. The apparatus described in claim 5 wherein: 
each of said shield portions extends along a plane 
which makes an angle with respect to said axis that 
is smaller than the angle between said plane and the 
one of said lines. 
7. A method for sensing cloudiness comprising: 
positioning a first sunlight sensor so it faces the sun; 
positioning a group of additional light sensors so they 
face most of the sky areas around the sun; 
4,355,896 
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shielding each of the additional sensors from direct 
sunlight and shielding the first sensor from most of 
the sky area away from the sun; and 
comparing the output of said first sensor with the 
8. The method described in claim 7 wherein: 
said step of comparing includes generating an output 
representing the ratio of the output of said first 
sensor to the outputs of said additional sensors. 
9. Cloud cover detector apparatus comprising: 
a frame which has a predetermined axis that can ex- 
tend towards the sun; 
a direct sunlight sensor mounted on said frame to face 
along said axis; 
a plurality of indirect sensors mounted on said frame 15 
to face along lines which are angled from said axis 
and also angled from one another to extend in dif- 
ferent directions; 
shield means mounted on said frame, for shielding 
each of said indirect sensors from direct sunlight 20 
when said frame is oriented so that said axis extends 
towards the sun; 
said direct and indirect sensors having electrical ter- 
minals and each sensor producing an electrical 
output of said group of additional sensors. 5 
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output of a magnitude substantially proportional to 
the amount of light incident thereon; and 
an electrical circuit connected to said sensors for 
generating an output indicating substantially the 
ratio of the outputs of said indirect and direct sen- 
sors. 
10. Cloud cover detector apparatus comprising: 
a frame; 
a direct solar sensor mounted on said frame to face 
along a predetermined axis; 
a plurality of indirect solar sensors mounted on said 
frame to face along lines which are angled from 
said axis and which lines extend in different direc- 
tions as seen in a view taken along said axis; 
a shield mounted on said frame and having a plurality 
of substantially planar shield portions, each shield 
portion extending between and at an angle to said 
axis and to one of said lines; 
each of said sensors producing an electrical output 
proportional to the amount of light incident 
thereon; and 
a circuit which indicates the ratio between the out- 
puts of said direct and indirect solar sensors. + * + * *  
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